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PERFORMANCE OF A 1.15-PRESS URE-RATIO AXIAL-FLOW 
FAN STAGE WITH A BLADE TIP SOLIDITY OF 0.5 
by Walter M. Osborn and Ronald J. Steinke 
Lewis Research Center 
SUMMARY 
The 01.-erall and blade-element performance of a low-solidity, low-pressure-ratio, 
low-tip-speed fan stage is presented. Detailed radial and circumferential (behind sta - 
tors) surveys of the flow conditions were made over the stable operatiiig range at rota- 
tive speeds from 90 to 120 percent of design speed. At design speed a stage peak effi- 
ciency of 0.836 was obtained at a pressure ratio of 1.111 and a weight flow of 30.27 kil- 
ograms per second (177.80 (kg/sec)/m of annulus area). The design weight flow was 
29.94 kilograms per second, the design efficiency was 0.863, and the pressure ratio was 
1.151. The rotor peak efficiency of 0.891 was also less than design efficiency of 0.909. 
Stall margin, for this stage at design speed was approximately 13 percent, based on 
weight flow and total-pressure ratio a t  peak efficiency and near stall. 
The lower than design total pressure ratio was  attributed to the failure to obtain the 
design energy input into the rotor. A mismatch of the rotor and stator blade elements is 
indicated and probably results from the lower than design pressure ratio over the entire 
blade span of the rotor blades. 
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INTRODUCTION 
The Lewis research program on axial-flow fans and compressors for advanced air- 
breathing engines is directed primarily toward providing the technology to permit the re - 
duction of the size and weight of the fans and compressors while maintaining a high level 
of performance. 
information for the selection of fans for propulsion systems for short-haul aircraft using 
the externally blown flap (EBF) as the powered lift system. The externally blown flap 
concept will require a large flow of low-velocityair for effective lift and low noise during 
Within the overall program, a series of fans has been designed to obtain definitive 
takeoff and landing (ref. 1). Thus, fans with high air bypass ratios, low pressure ratios, 
and low tip speeds a r e  indicated. The choice of fan pressure-ratio and other parameters 
may depend on compromises between fan aerodynamic performance and low noise con- 
siderations. Performance data must be obtained on suitable fans over a range of 
pressure-ratios and speeds to optimize propulsion systems for the EBF short-haul 
aircraft. 
The experimental performance for one of the fans in this series is presented in ref- 
erence 2. The fan stage was designed for a tip speed of 213.3 meters per second with a 
pressure ratio of 1.2 at a weight flow of 31.2 kilograms per second. The rotor was de- 
signed with a mechanism that allowed manual adjustment of the rotor blade angle. Per- 
formance data a r e  presented for several rotor blade setting angles. Such adjustable 
rotor blades could be used for better performance matching from takeoff to cruise con- 
ditions and also for cbtaining reverse thrust for reducing the landing roll. 
This report presents the experimental performance for a fan in the series, desig- 
nated fan stage 5lA. The 12-bladed, 50.8-centimeter-diameter fan w a s  designed for a 
tip-sgeed of 243.8 meters per second. The design stage pressure rniio was  1.15 at a 
weight flow of 29.9 kilograms per second. The fan blade angles can be manually reset. 
Overall performance for both the rotor and the stage along with the blade-element pe:- 
formances of both rotor and stator are presented for the design rotor blade setting aq:le. 
The data are presented over the stable operating flow range of the stage at rotative 
speeds that varied from 90 to 120 percent of design speed. Blade-element survey data 
were obtained at nine radial positions. The data a r e  presented in machine tabulated and 
plotted form. The symbols and equations a r e  defined in appendixes A and B. The ab- 
breviations and units used in the tables a r e  defined in appendix C. 
FAN STAGE DESIGN 
The design objectives for fan stage 51A were to obtain at a tip speed of 243.8 meters 
per second (1) a weight flow of 29.9 kilograms per second (175. 8 (kg/sec)/m of annulus 
area), (2) an overall pressrt-e ratio of 1.15 with high efficiency, (3) quiet operation, 
(4) reverse fan thrust bv rotating the rotor blades through either the "feathered" pitch 
position (trailing edge becomes leading edge) o r  the "flat" pitch position (leading edge 
remains leading edge), and (S) a mechanically sound stage at speeds as high as 20 per- 
cent abwe design speed. To meet the last three objectives, compromises had to be 
made to the aerodynamic parameters. The final fan stage design evolved from an iter- 
ation of the mechanical, aerodynamic, and acoustic parameters. A discussion of some 
aspects of the stage design is given in this section. 
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Mechanical and General Design Considerations 
The overall design parameters for fan stage 51A are listed in table I, and the flow 
path is shown in figure 1. The low hub to tip radius ratio value of 0.4 (rotor and stator) 
was  chosen to obtain a low loss Cow path (hub streamline) into the core compressor and 
to increase weight flow per unit frontal area. 
anism for obtaining variable pitch blading. A rotor hub solidity of less  than 1.0 was nec- 
essary to rotate the blades through the "flat" pitch position to obtain reverse fan thrust. 
A hub solidity of 0.96 was chosen, and the tip solidity was set at 0.50. The aspect ratio 
based on the chord at the hub was 2.9. Thick blade sections at the hub were necessary to 
satisfy stress and vibration requirements as the blade camber at the hub was relatively 
low, and midspan blade vibration dampers could not be used with variable pitch blading. 
A cubic (with inflection point at 50 percent blade span) distribution of thickness to chord 
ratio from 0.20 at the blade hub to 0.05 at the blade tip was necessary to obtain the re- 
quired mechanical and vibrational frequency margin. 
rotor blade chord lengths downstream of the rotor (fig. 1). The stator tip so1;dity is 
0.99 and the aspect ratio is 3.08. 
A low number of rotor blades (13) was selected to facilitate the design of a mech- 
Thirty-two stator blades were selected, and the stator blade row was located four 
Aerodynamic Design 
A composite computer design program, which consists of a streamline analysis sub- 
program, a blade geometry subprogram, and a blade coordinate subprogram, was used 
in the design of fan stage 51A. Details of each subprogram are presented in references 3 
to 5; thus only a brief description of each is presented in this report. 
The streamline analysis subprogrin (ref. 3) calculates the velocity vector diagrams 
at several axial locations, including planes approximating the blade leading and trailing 
edges. This program accc ants for streamline curvatures, entropy gradients, and 
boundary-layer blockage. Weight flow, rotor speed, flow path geometry, and radial dis- 
tribution of total pressure and temperature are the inputs to this program. 
geometry subprogram (ref. 3). This program calculates the blade geometry that will 
satisfy the vector diagrams. 
nate subprogram presented in reference 5 is used to compute the blade elements on con- 
ical surfaces approximating the stream surfaces passing through the blade. The program 
then stacks these blade elements on a radial line about their center of gravity and com- 
putes the Cartesian blade coordinates for fabrication. 
The results from the streamline analysis subprogram a re  then used in the blade 
ACer the Slade geometry is defined for both the rotor and stator, the blade coordi- 
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The blade-element design parameters for rotor 51A and stator 51 are presented in 
tables I1 and 111, respectively. The blade geometry is presented in table IV for the rotor 
and table V for the stator. Double circular a r c  blade sections were used for both the 
rotor and stator. 
Acoustic Design 
For fans in general, the blade passing frequency noise appears to dominate because 
of i ts  high sound pressure level and because it usually Occurs in the audible noise region. 
The chief cause of this blade noise and i t s  harmonics appears to be an interaction of the 
rotor wakes with the downstream stator blades, rather than rotor-alone noise. A model 
of this noise generation mechanism is presented in reference 6 and was used in the de- 
sign of fan stage 51A to reduce i t s  blade passing frequency noise. The model includes a 
description of the rotor wakes and the response of the stator blades to these wakes. At 
the present time the model gives only relative numbers between two fans. Thus, a pre- 
viously tested fan stage (ref. 7) was chosen as a base. Although absolute levels for the 
blade passing frequency noise are not obtained, comparisons between different fans may 
be made. Some of the aerodynamic design parameters for which values were selected in  
order to lower the theoretical noise level of fan stage 51A are as follows: (1) a low tip 
speed was chosen to reduce broad band noise (negligiblc shock losses), (2) the stator 
blades were spaced four rotor blade chord lengths dowustream of the rotor to reduce the 
velocity gradients in the rotor blade wakes as they impinge on the stator blades, (3) the 
theoretical pressurt ratio was reduced quadratically from the rotor tip to  the rotor hub 
to reduce the blade loadings near the hub and, thus, reduce the size of the rotor wakes 
where the rotor blades are thickest, and (4) the stator incidence argles were chosen to 
cancel the lift fluctuating components and thus minimize the fluntuating lift experienced 
by the stator blades due to  the rotor wakes. 
Some of the mechanical considerations that were necessary but that tended to in- 
crease the noise level of fan stage 51A are as follows: (1) a low number of rotor blades, 
which tends to increase the rotor alone generated blade -passing-frequency noise and 
lowers the frequency of the blade passing tone, which results in more harmonics of this 
tone falling in the audible noise range, (2) the low rotor solidity, (3) the large blade tip 
clearance required for resetting the blades for reverse thrust, and ( 4 )  the thick rotor 
blade hub sections required to reduce s t ress  and vibration. 
The iterations of the aerodynamic, acoustic, and mechzilical parameters in the de- 
sign procedure resulted in a final design for fan stage 51A that was theoretically 4 dec- 
ibels quieter thzn the base fan of reference 7. 
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APPARATUS AND PROCEDURE 
Compressor Test Facility 
The compressor stage was  tested in the Lewis single-stage compressor facility 
(ref. 3). Atmospheric air enters the test facility (fig. 2) at an inlet located on the roof 
of the building and flows through the flow measuring orifice and into the plenum chamber 
upstream of the test stage. The air then passes through the experimental compressor 
stage into the collector and is exhausted to the vacuum exhaust system. 
Test Stage 
Photographs of the rotor and stator are shown ir figures 3 a d  4,  respectively. The 
rotor blades are mounted in a split disk, which enables the blades to be rotated to obtain 
the blade setting angle desired for testing. Friction pins in each half of the disk were 
compressed against the blade bases preventing the blades from turning. The compres- 
sion of the friction pins is adjustable from the upstream (front) side of the rotor disk. 
Thus, the blade angle can be reset without disassembling the rotor. 
With the rotor blades in the flat pitch position, the blade tips were machined 0.050 
centimeter less than the contour of the outer casing. This enables the blades to be ro- 
tated in all directions. With the blades at their design setting angle, the nonrotating ra- 
dial tip clearance at the stacking plane of the blade was a nominal 0.050 centimeter at 
ambient conditions. However, the tip clearance at the leading and trailing edges of the 
blades was approximately three times greater due to the convex contour of the blade tip. 
Instrumentation 
The compressor weight flow was  determined from measurements on a calibrated 
thin-plate orifice. The temperature at the orifice was measured with two chromel- 
constantan thermocouples. Pressures  at the orifice were measured by calibrated 
transducers. 
stator, and downstream of the stator (fig. 1). Photcvaphs of the survey probes are 
shown in figure 
with a combination probe (fig. 5(a)). The thermocouplc? material wad chromel- 
constantan. The static pressure was measured with an 8' C-shaped wedge probe 
(fig. 5(b)). Each probe was positioned with a null-balancing, stream-direction-sensitive 
control system that automatically alined the probe to the direction of flow. The probes 
Radial surveys of the flow were made upstrei n df the rotor, between the rotor and 
Total pressur =, total temperature, and flow angle were measured 
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were angular ly  alined in an air tunnel. Two combination probes and two wedge static 
probes were used at each of the three measuring stations. The temperatures at sta- 
tions 2 and 3 were recorded as temperature differences referenced to the temperature 
at station 1. 
the survey probes. The circumferential locations of both types of survey probes along 
with inner and outer wall static pressure taps are shown in figure 6. The combination 
probe downstream of the stator (station 3) was circumferentially traversed one stator 
blade passage (11.2') counterclockwise from the nominal value shown. 
For monitoring the fan performance during the run, four six-element total-pressure 
and temperature rakes were located downstream of the stator (station 4, fig. 1). The 
circumferential locations of the rakes are shown in figure 6. The data from these rakes 
were used in  conjunction with an on-line computer located in the facility. An electronic 
speed counter, in conjunction with a magnetic pickup, was used to measure rotative 
speed (rpm). The estimated e r ro r s  of the data based on inherent accuracies of the in- 
strumentation and recording system a r e  as follows: 
Inner and outer wall static-pressure taps were located at the same axial stations as 
Weight flow, kg/sec . . . . . . . .  
Rotative speed, rpm.  . . . . . . .  
Flow angle, deg. . . . . . . . . .  
Temperature, K. . . . . . . .  
2- Rotor-inlet total pressure, N/cm . 
2 Rotor-outlet total pressure, N/cm . 
Stator -outlet total pressurc- , h- 'cm 2 .  
2 Rotor-inlet static pressure, N . ' m  
2 Rotor-outlet static pressure, 1:jcm 
Stator-outlet static pressure, N/cm 2 
. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  
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An indication of the consistency of the data can be observed by comparing the integrated 
weight flow at each measuring station to the orifice weight flow. 
Test Procedure 
The stage survey data were taken over a range of weight flows from maximum flow 
to the near-stall conditions at  90, 100, 110, and 120 percent of design speed. Data were 
recorded at nine radial positions for each speed and weight flow. At each radial posi- 
tion the two combinatiol >robes behind the stator were circumferentially traversed to 
nine different locations across the stator gap. The two wedge probes were set s t  mid- 
gap because previous studies showed that the static pressure across the statvr gap w a s  
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constant. Values of pressure, temperature, 2nd flow angle were recorded at each cir- 
cumferential positioii. At the last circumferent:al position values of pressure, temper- 
ature, and flow angle were also recorded at  siltions 1 and 2. All probes were then tra- 
versed to the next radial position, and the circumferential traverse procedure repeated. 
At each of the four rotative speeds, the back pressure on the stage was increased by 
closing the sleeve valve in the collector until a drop in total pressure at the blade tip was 
detected. This was accomplished by comparing the radial distribution of discharge total 
pressure between succeeding computer (on-!inel printouts obtained as the valve was 
closed. This point was arbitrarily taken as the limit of stable operation at the low end 
of the weight flow range and usually occurred before any definite indications of stall were 
observed such as change in noise level o r  increase in blade stress.  
Calculation Procedure 
Measured total temperatures and total pressures were corrected for Mach number 
and strcamline slope. These corrections were based on instrument probe calibrations 
given in reference 8. The stream static pessure was corrected for Mach number and 
streamline slope based o,n an average calibration for the type of probe used. 
to obtain static-pressure measurements bt 5, 10, and 95 percent of span. The static 
pressure at 95 percent span was obtained by assuming a linear variation in static pres-  
sure  between the values at the inner wall and the probe measurement at 90 percent span. 
A similar variation was assumed betweer. measurements at the outer wall and the 15 per- 
cent span to obtain the static pressure at  5 and 10 percent span. 
At each radial position, averaged values of the nine circumferential measurements 
of pressure, temperature, and flow angle downstream of the stator (station 3) were ob- 
tained. The nine values of total temperature were mass averaged to obtain the &;itor 
outlet total temperature. The nine values of total pressure were energy averagec', The 
measured values of pressure, temperature, and flow angle were used to calculate axial 
and tangential velocities a t  each circumferential position. The flow angles presented for 
each radial position are calculated based on these massaveraged axial and tmgential 
velocities. To obtain the overall performance, the radial values of total temperature 
were mass averaged and the values of total pressure were energy averaged. A t  each 
measuring station, the integrated weight flow was computed based on the radial survey 
data. 
The data, measured at the three measuring stations, were translated to the rotor 
and statcr blade leading and trailing edges by the method presented in reference 5. 
Orifice weight flow, total pressures, static pressures, and temperatures were all cor- 
rected to sea-level conditions based on the rotor inlet conditions. 
Due to the physical size of the C-sha?ed static pressure wedges, it was not possible 
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RESULTS AND DISCUSSION 
The overall performances for the rotor and the stage are presented first. Radial 
distributions of several performance parameters are then presented for both the rotor 
and the stator, followed by blade-element data. Finally, a brief discussion of the data 
is given. 
All. the plotted data, together with some additional performance parameters, are 
listed in tabular form, The overall performance data are presented in table VI. The 
blade-element data are given first for the rotor and then for the stator in tables VI1 
to XIV. The abbreviations and units for the tabular data a r e  defined in appendix C. 
Overall Performance 
The overall performance for rotor 51A is presented in figure 7, dnd the overall per- 
formance for stage 51A is presented in figure 8. For both machine-plotted figures, data 
a r e  presented for speerts from 90 to 120 percent of design speed. Data are presented at 
several weight flows from choke to the near-stall conditions. Stall conditions occurred 
gradually with only a small drop off in pressure rise and no indication of operational in- 
stabiiit:r, puiicbiarly at 90 and 100 percent speeds. Thus, it would be difficult to estab- 
l ish ;L specific stall line for this stage and none are shown in figures 7 and 8. The stall 
condition (minimum flow point) was  arbitrarily taken as the point where a drop off in total 
pressure at the blade tip was first detected downstream of the stator. Data for tile min- 
imum flow points (near stall) shown in figures 7 and 8 were taken at flow rates just 
slightly greater than the point of drop-off in total pressure in the blade tip region. 
Design-point values are shown as solid ..jmbols in both figures. 
The peak efficiency for rotor 51A at design speed was 0.891 (design peak efficiency, 
0.909),  and it occurred at  a weight flow of 32.3  kilograms per second (189.3 (kg/sec)/m 
of annulus area). Design weight flow was 29.94 kilograms per second (175.8 (kg/sec)/ 
m of annulus area). The measured total-pressure ratio was 1.104 and the temperature 
ratio was 1.032; the design values were 1.159 and 1.047, respectively. At 90 percent of 
design speed, a peak efficiency sl 3.952 was measured. 
The stage overall performance trends with respect to design values were similar to 
those for the rotor. The stage peak efficiency was 0.836 (design stage efficiency, 0.863). 
At peak efficiency the weight flow was 30.27 kilograms per second (the design value was 
29.94 kilograms per second). The measured pressure ratio Gf 1. !ll was less than tl 
design value of 1.151; and the temperature ratio of 1.037 was also lower than the design 




The peak efficiency for the rotor occurred at a weight flow that was 2 kilograms per 
second greater than that for the stage. This difference indicates a mismatch of the rotor 
and stator. 
Radial Distributions 
The radial distributions of several parameters for 100 percent of desigi, speed are 
presented in figure 9 for rotor 5l.A and in figure 10 for stator 51. In each figure data are 
presented for three weight flows: near choke, stage peak efficiency, and near stall. The 
design values are shown by the solid symbols. Temperature-rise efficiency, temper - 
ature ratio, pressure ratio, suction-surface incidence angle, meridional velocity ratio, 
deviation angle, totd-loss parameter, total-loss coefficient, and diffusion factor are 
presented as functions of percent span from the blade tip. 
ature ratio, and blade loading (diffusion factor) increased across  blade span but remained 
lower than design values. However, at the lowest weight flow point (26.4 kg/sec), a de- 
crease in pressure ratio and an increase in diffusion factor in the blade tip region indi- 
cate that the rotor is partially stalled (by definition). Operation at this weight flow was 
stable during the tests, and the near stall weight flow is probably only slightly greater. 
If the near stall weight flow were say 26.9 kilograms per second (instead of 26.4 kg/sec), 
the stall margin for stage 51A would F approximately 13 percent. The deviation angles 
were greater than design values except near the rotor lip for the choke weight flow. The 
rotor losses were close to design values for choke and peak efficiency weight flows but 
were higher than design values for the lowest weight flow, which appears to be partially 
in stall. 
At the stage peak efficiency weight flow (30.3 kg,'sec), the efficiency was less than 
design values in the midportion of the blade span and near the end wal l s  (hub and tip). 
The suction-surface incidence angles agreed with design values a t  the peak efficiency 
weight flow. The diffusion factor was lower than design values but the rotor losses 
agreed closely with design values. Thus, the loss-diffusion factor relation used in the 
rotor design was not achieved. 
Stator. - At the stage peak efficiency weight flow of 30.3 kilograms per second, the 
stator blade loading (diffusion factor) was lower than design values over the entire blade 
span. The measured losses were lower than design values from 15 to 85 percent span 
from tip but higher than design near the blade 3ub and tip. The suction-surface incidence 
angles were approximately 5' to '7' lower than desig;';: vz!ues. The deviation angles 
agreed well with design values from 30 to 70 percent blade span but were higher than 
design for the remainder of the blade. 
Rotor. - In general, as the weight flow was reduced, the pressure ratio, temper- -
-
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Variations with Incidence Angle 
The variations of selected blade-element parameters with suction-surface incidence 
angle are presented for the rotdr and the stator in figures 11 and 12. The data are pre- 
sented for 90, 100, and 120 percent of design speed for blade-e1ei::ent locations of 5, 10, 
30, 50, 70, 30, and 95 percent of span from the blade tip. Design vaues  are shown by 
solid symbols. In addition to  the parameters shown in the radial distribution plots, inlet 
relative Mach number is presented. The various curves as a function of incidence angle 
are presented primarily for future correlation in comparing the per formace  of these 
blades with other blade designs. Thus, only a few brief lJbservati@r Z, will be made from 
the curves. 
Rotor. - The rotor blades were designed for r,iinim.--I ';ts.s tc  occur at a varying in- 
cidence angle (tzble II) from blade tip (-1.5') to huo (-13.0°). AL design speed the meas- 
ured incidence angle associated with minimum loc,s was defined It all spans except the 95 
percent span. At  this span the losses LullcinucG to  decrease as th? flow was increased 
(decreasing incidence angle) to the maximum flow condition. At the Othel blade spans the 
measured suction-surface incidence angle corresponding to minimum loss varied from 
-4.5' from the design value i' the 5-percent span to being equal to the design value at the 
70 and 90 percent blade spans. The experimental minimum loss values were less than or 
equal to the design loss values. In general, the pressure ratio, efficiency, temperature 
ratio, and D-factor were less t h a  design values. The deciation angles were greater 
than design values. 
:d with shock 
losses as the iniet relative Mach numbei is above 1.0 at this speed i - r  5-  and 10-percent 
blade spans. 
Stator. - The incidence angle associated with minimum loss wirs defined at all stator 
blade spans except 5 percent. At the 5-percent span the ainimum loss value was nearly 
constant for all test points except the choke point and thus covered 2 - range of inci- 
deice angles. A t  the 95-perce~t  span the minimum loss incidencz .. ab within 2' of 
the design incidence angle (0'). However, at the other spans the ank . .rwd from -6' 
to -14' from the design incidence angle. The experimental loss values were greater than 
design for  the 5-,  lo-, 90-, and 95-percent spans Gut were lower than design v a u e s  in 
the micispan portions of the blade. The deviation angle agreed well with the design value 
except at the 90- and 95-percent blade sp?m posiuons. 
The high loss values shown at 120-percent speed are probably as 
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Discuss. on of Performance 
At design speed the stage peak efficiencl weight flow is 30.27 kilograms per second, 
which is close to the design value of 29.94 kilogpms per second. The peak efficiency of 
the rotor occurred at a higher weight flow (32.3 kg/sec) than for the stage and indicates 
a mismatch of the rotor and stator. The rotor and stage peak efficiencies are only 3 per- 
centage points lower than the design values. However, both the rotor a id  stage total- 
pressure ratios are much lower than design values. 
The radial distribution of efficiency for the rotor agrees well with the design distri- 
bution except in the hub and tip regions. Hoe. :vert the spanwise distribution of total- 
pressure ratio is cons!derably lower than design values Over the entire blade span. The 
design energy input for the rotor has not been achieved as is shown by the lower than de- 
sign spanwise distribution of total-temperature ratio. The spanwise experimental losses 
agree well with design values but the diffusion factors a re  lower than design values. The 
deviation angles are much greater than design values. T h s ,  the rotor blade-element 
data indicate that rotor S1A should have a higher blade camber, a redistribution cf devia- 
tion angle, and a reappraisal of the loss-diffusion factor relation in order to improve its 
performance. However, even with these changes, better performance might not be ob- 
tained because of the low solidity of the rotor (poor flow guidance). Although this rotor 
is restricted to a solidity of less than 1 at the blade hub, the aerodynamic blade chords 
could be iwreased toward the tip to obtain better flow guidance and the input desQn 
conditions. 
The stator incidence angles associated with minimum loss a re  considerably different 
from the design values in the midspan portions of the stator blades. This difference 
probably results from ;nz much lower than design pressure ratio of the rotor over the en- 
tire blade span and id Aes a mismatch of the rotor and statcr. This stage probably 
wou benefit some by opening the stator blades approximately So. However, it was con- 
sidered that a change in stator setting angle alone would not be sufficient to enable the 
stage to meet its design pressure ratio since the rotor pressure ratio was considerably 
less than the design stage pressure ratio. 
SUMMARY OF RESULTS 
"'his report presents both the aerodynamic design parameters and the overall and 
bl?de-element performance of a low-pressure-ratio, low-tip-speed fan stage suitable for 
short-haul aircraft using the externally blown flag as a powered lift system. The fan was 
designed for low blade ?assing frequency noise, *:-hic;ir resultec! in  some cowpr5mises in 
the aerodynamic des!gn. Detailed radial s u r w y s  Qf the flow conditions in front of and 
behind the I itor and behind the stator were m d e  Over the stable operating flow range of 
11 
the stage at rotative speeds from 90 to 120 percent of design speed. Flow and perform- 
ance parameters were calculated across nine blade elements. The following principal 
results were obtained from this investigation: 
1. Far the rotor at design speed, the peak efficiency was 0.891, the pressure ratio 
1.104, and the weight flow 32.2 kilograms per second. Design pressure ratio was 1.159, 
and the weight flow was 29.94 kilograms per second. Design energy input into the rotor 
was  not achieved. 
2. For the stage at design speed, the peak efficiency was 0.836, the pressure ratio 
1.111, and the weight f l ~ ~  30.27 kilograms per second. Design pressure ratio was 
1.151, and the weight flow was 29.94 kilograms per spcond. A mismatch of the rotor 
and stator is indicated. 
weight flow and total pressure at peak efficiency and near s t d .  
3. Stall margin for this stage at design speed is approximately 13 percent, baszd on 
Lewis Research Center, 
National Aeronautics and Space Administration, 




2 annulus area at rotor leading edge, 0.171 m 
2 frontal area at rotor leading edge, 0.203 m 




c aerodynamic chord, cm 




2 acceleration of gravity, 9.81 m/sec 
mean incidence angle, angle between inlet air direction and line tangent to blade 
mean camber line at leading edge, deg 
suction-surface incidence angle, angle betweer, inlet air direction and line tangent 
SS 
to blade suction surface at leading edge, deg 
J mechanical equivalent of heat 
N rotative speed, rpm 
2 P total pressure, N/cm 
p staticpressure, N/cm 
r radius, cm 
SM stall margin 
T total temperature, K 
U wheel speed, m/sec 
V air velocity, m/sec 
W weight flow, kg/sec 
2 
crC cone angle, deg 





axial distance referenced from rotor bla6e hub leading edge, cm 
S 
air angle, angle between air velocity and axial direction, deg 
relative meridional air angle based on con. angle, arctan (tan &, cos aC/cos as), 

















blade setting angle, deg 
ratio of rotor inlet total pressure to standard pressure of 10.13 N/cm 
deviation angle, angle between exit air direction and tangent to blade mean 
2 
camber line at trailing edge, deg 
efficiency 
ratio of rotor inlet total temperature to standard temperature of 288.2 K 
angle between blade mean camber line and meridional plane, deg 
angle between blade suction-surface camber line at leading edge and meridional 
plane, deg 
solidity, ratio of chord to spacing 
total loss coefficient 
profile loss coefficient 
















adiabatic (temperature rise) 
ideal 






blade trailing edge 
axial direction 
tangential direction 
instrumentation plane upstream of rotor 
instrumentation plane between rotor and stator 
instrumentation plane downstrean1 of stator 
Superscript : 




Suction-surface incidence angle: 
is, =  pi)^^ - KSS 
Mean incidence angle: 
Deviation angle: 
Diffusion factor: 
Total loss coefficient: 
Profile loss coefficient: 
Total loss parameter: 
20 
15 
Profile loss parameter: 
2a 
Adiabatic (temperature rise) efficiency: 
Momentum -rise efficiency: 
']mom 
Equivalent weight flow: 
!!!& 
6 
Equivalent rotative speed: 
N 
T 














P 01 y tropic efficiency : 
(5) 
'tip LE 
X - 1  x 100 
17 
APPENDM C 























aerodynamic chord, cm 
meridional a i r  angle, deg 
ratio of actual flow area minus critical area to critical area 
(where local hIach number is 1) 
angle between axial directicn and conical surface represellting 
blade element , deg 
blade mgle at leading edge, deg 
difference bemaen mean camber blade angle ar,d suction surface 
deviation angle (defined by eq. (B3)), deg 
diftusion factor (defined by eq. (B4)) 
adiabatic efficiency (defined by eq. (B9)) 
inlet (leading edge of blade) 
incidence angle (suction surface defined by eq. (B1) and mean 
surface by eq. (B2)) 
angle between blade mean camber line at leading edge and 
meridional plane, deg 
angle between blade mean camber line at trailing edge and 
meridional plane, deg 
angle betiReen blade mean camber line at transition point and 
meridional plane, deg 
loss coefficient (total defined by eq. (B5) and profile by eq. (B6)) 
loss parameter (total defined by  eq. (B7) and profile by eq. (B8)) 
meridional 
meridional velocity ratio 
outlet (trailing edge of blade) 
percent of blade span from tip at rotor outlet 






























2 pressure, N/cm 
profile 
radius, cm 
relative to blade 
inlet radius (leading edge of blade), cm 
outlet radius (trailing edge of blade), cm 
radial position 
equivalent rotative speed, rpm 
angle between aerodynazic chord and meridional plane, deg 
ratio of aerodynamic chord to blade spacing 
speed, m/sec 
suction surface 
slope of streamline, deg 
tangential 
temperature, K 
thickness of blade at leading edge, cm 
thickness of blade at maximum thickness, cm 
thickness of blade at trailing edge, cm 
total 
difference between inlet and outlet blade mean camber lines, deg 
velocity, m/sec 
equivalent weight flow, kg/sec 
ratio of suction-surface camber ahead of assumed shock location 
of multiple-circular -arc blade section to that of double-circular- 
a rc  blade section 
axial distance to blade leading edge from inlet, cm 
axial distance to blade maximum thickness point from inlet, cm 
axial distance to blade trailing edge from inlet, cm 
axial distance to transition point from inlet, cm 
19 
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TABLE I. - DESIGN OVERALL PARAMETERS 
FOR STOL FAN 51A 
ROTOR TOTAL PRESSURE RATIO.,  . , , , . , , , , , , , . I ,  159 
STAGE TOTAL PRESSURE R A T I O  1.151 
ROTOR TOTAL TEMPER4TURf RAT I O , ,  , , , . , , , . , . , 1 .047 
STAGE TOTAL TEMPERATURE RAT I O  I .  047 
ROTOR kDIAB4TlC EFFICIFNCY ................ 0.909 
STAGE AD I A@ AT I C  EFF I C IENCY 0.863 
ROTOR POLYTROPIC EFFIC [ENCY.. ............. 0.91 1 
STAGE POLYTROPIC EFFICIENCY 0.866 
ROTOR H E A D  RISE COEFFICIENT.. ............. 0.21 0 
STAGE H E A D  RISE COEFFICIENT 0.199 
FLOW COEFFICIENT .......................... 0.682 
WT FLOW PER U N I T  FRONTAL AREA 147.704 
WT FLOW PER U N I T  ANNULUS AREA,. .......... 175.838 
i T  FLOW 29.937 
PN... ................................. 9167.300 
:iP SPEED 243.839 
21 

































































169.2 1 68.6 
f69.r 160.t 
168.3 175.3 



















































































SPAN TCAN SS 
0. 3.1 -1.5 
5.00 3.2 -1.5 
10.00 3.3 -1.: 
15.03 3.4 -2.0 
35.22 3.7 -4.0 
50.02 4.2 -7.7 
73.00 4.7 -11.2 
85.02 5.r -12.: 
09.6s 5.2 -12.9 



























































































0.  69.1 




0. l f . 1  
0.  81.8 
0.  83.4 
0. 83.2 























































MERID MACH NO STREAMLINE SLOPE M f R l O  PEAK SS 
IN OUT IN  OUT VCL R MACH FiO 
0,510 0.445 -0.26 -0.32 0.900 7.202 
0.510 0.44': -0,lO -C.16 0.903 1,192 
0.5fC 0.449 0.07 0.02 0.905 1,178 
0.510 J.450 0.27 0.22 0.907 1.165 
C.507 0.453 0 . 8 5  0.85 0.911 :.129 
0.500 0.445 1.56 1.57 0.911 1.083 
0.450 0.435 1.76 1.86 0.905 1.041 
0.484 0.425 1.35 1.52 0.893 1.007 
0.483 0.422 1.C6 1.23 0.887 3.994 
0.482 0.418 0.71 C.85 0.881 0.981 













T O T  PROT 
0.073 0 . 3 7 3  





















*.'E 139.00 5.5 -13.0 
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10.160 ! 0.160 










! 6 :  .2 
:5Lj.4 
!56.5 























3 . m  s.412 







23.5 0.  
23.7 -0. 
23.9 - 5 .  
24.7 -0 .  
26.6 -0 .  
23.1 -0. 
33.8 -0 .  
31.1 -0.  
31.6 -0 .  

















16! , 7  
161.5 














5 * 536 




o . 468 
C U T  
5.4-2 
0 . 4 2  
3 .4':2 
0.471 









23.4 - 0 .  
23.5 0 .  
23.7 -0. 
23.9 -0 .  
2 4 . 7  - 0 .  
26.6 - 0 .  
29.1 - 0 .  
30.9 -0 .  
31.1 -0.  
31.4 - C .  
31.6 0 .  
TOTAL TCMP 
IN RATIO 
305.1 1 .000  
304.6 1 . 0 0 0  
304.3 1 .000  
303.9 1 .000  
302.8 1 . 0 0 0  
30l.4 1 . 0 0 0  
293.7 1 .000  
298.: 1 . 0 0 0  
297.5 1 . 0 0 0  
256.9 1 . 0 0 0  
236.0 1 . 0 0 0  
MERID VEL TANG 
IN JUT I N  
160.3 161.8 69.5 
160.7 161.7 70 .0  
163.9 161.5 70.5 
160.8 161.0 71.1 
159.1 158.4 73.2 -- 153.6 : 5 \ . 7  t b. 9 
144.9 1 4 2 . 8  80.6 
!3?.6 !28.1 8z.l 
135.5 : Z . 3  81.9 
133.6 1!5.6 81.5 




0 .  
-0 .  
-6 .  
-0 .  
-0. 
-0. 





























2 ,  0. 
- 5 . 0 7  -0.03 1 . 0 1 0  
3.09 0.13 1.006 
0 . 3  0.27 1.004 
1.38 0 .40  1 . 0 0 1  
0.78 0.60 0.995 
1.67 1.63 0.971 
! . 4 4  1.31 0.931 
1.32 0.91 3.902 
3 . 4 4  3.35 0.865 
-0.26 -0.31 0.820 












LCSS C O W  LOSS PARAn 
737 PRCr TOT PRCf 
S.52C 0.C43 0.020 0.C23 
c.033 0 . ~ 3 5  c.019 0.319 
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TABLE IV. - BLADE GEOMETRY FOR ROTOR 51A 
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TABLE VI. - OVERALL PERFORhl. *CE FOR STAGE 51A 
(a) Percent of design speed. 100 
1412 
I .  058 
I .  040 
I . 0 2  
1.021 






















































(b) Percent of design speed, 90 
ROTOR T O T 4  PRESSURE R A T I O  
STAGE T O T 4  PRESSURE RATIO 
ROTOR TOTAL TtwPERATuRE RATIO 
STAGE TOTAL TMPERATURE RATIO 
ROTOR roP. R I S E  m l C I M C V  
STAGE TMP. R I S E  mIClENCY 
ROTOR muENTW RISC mlClEhKV 
ROTOR KnD R I S E  CMTrlCIENT 
STAGE Nu) R I S E  COETr1C:ENT 
R O Y  COEFFICIMT 
UT 5 O Y  PCR U N I T  FRONTAL A R f A  
N? FLON PER VNlT ANNULUS AREA 
UT R O Y  AT ORlrICE 
UT 5 0 Y  AT ROTOR IKET 
UT FLOY AT R N O R  OUTLET 
UT 5 O Y  AT STATOR OUTLET 
ROTATI'JE SPED 






























































































28. o e  
-
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TABLE VI. - Concluded. OVERALL PERFORMANCE FOR STAGE 51A 
1.140 
1.128 
1.044 1 1.044 


































ROTOR TOTAL PRESSURE RATIO 
STAGE TOTAL PRESSURE RATIO 
ROTOR TOTAL TMpERI(TuRf RAIIO 
STAGE TOTAL TMPERATURE RATIO 
ROTOR W. RISE D T I C I E N C Y  
STACE KW. RISE D T I C I E N C Y  
ROTOR WKNTW RISE E F F l C K N C Y  
ROTOR HAD R I S E  COEFFICIENT 
STACE HEAD RISE COtFFlClENT 
n O N  C O W I C I E N T  
YT nOU PER VNlT n O N T k  A K A  
UT n o Y  PER UNIT AhpwLUS AREA 
f l  FLPY AT ORIFICE 
fl  now AT ROTOR (YET 
fl  FLON AT ROTOQ OUTLET 
f l  n O N  AT STATOR OUTLET 
ROTATIK SPEED 







































1537 1536 1535 
1.138 1.172 1.190 
1.124 1.155 1.169 
1.045 1.055 1 .062  
1.050 1.061 1.067 
0.754 0.761 0.761 
0.751 0.759 0.710 
0.735 0.743 0.735 
0.116 0.142 0.155 
0.706 0.649 0.599 
168.98 159.97 151*10 
0.12~ 0.157 0.173 
201.17 190.44 179.88 
34-66 32.90 3l.11 
3 . 2 5  32.42 30.63 
34.83 32.98 31.19 
1098U.1 10996.3 lO996-8 
34.47 52.79 31.31 


















0. i ia 
(dl Percent of design speed, 120 
ROTOR TOTAL p4ESSvRE RAT10  
STACE TOTAL PRESSURE R A T I O  
ROTOR TOTAL T W C R A T U R E  RATIO 
STACE TOTAL TDBERATVRE RATIO 
ROTOR T R P .  RISE m l C l C N C Y  
STACC TRIP. R I S E  mlClOJCY 
ROTOR HW.TW R I S E  E W I C I C N C Y  
ROTOR Hd R I S E  C O m l C l E N T  
STACE KAD RISE C O m I C l E N T  
UT n O Y  PER UNIT FRONTAL AREA 
1(T nON PER UNIT AWJULUS A K A  
X? n O N  AT ORlF I C E  
wl n O U  AT ROTOR INLET 
wl nON AT ROTOR OUTLET 
Ill nOU AT STATOR OUXO 
ROTATlVC Spm, 
KRCW LV DESIGN SSEO 























TABLE VII. - BLADE-ELEMEAT DATA AT BLADE EDGES FOk 










































































fa) Reading 1532 
A 6  BoAn REL BETM 
IN OUT IN OUT 
0.0 8.2 49.0 46.9 
0.0 8.0 47.5 45.4 
-0.0 7.5 46.4 44.6 
-0.0 8.4 43.0 40.4 
-0.0 10.4 38.7 33.5 
-0.0 12.0 34 .0  26.1 
-0.0 13.4 30.0 20.4 
0.0 14.0 28.6 17.9 















































































































































































KRlD PEIW SS 



















0.044 0 . o u  
0.038 0 . 0 3 8  
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EDGES FOR ROTOR 5lA.  100 PERCENT DESIGN SPEED 



































































































































DEV D-FACT m 
5.3 0.328 0.856 
5.2 6.314 0.921 
5.6 0.312 0.933 
7.2 0.322 0.910 
10.4 0.324 0.893 
13.9 0.326 0.852 
14.1 0.93 0.872 
13.0 0.342 0.890 
TOTAL KIP 

































10.07 t . ? . h  



















-IO Srr 55 
VCLRWbtNO 
















0.029 0 . o r  
0.021 0.021 
0.024 a.oz4 
9 95.00 5.6 -14.7 10.7 0.399 0.707 0.116 0.116 0.060 0.060 
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EDGES FOR ROTOR 51A. 100 PERCENT DESIGN SPEED 




























0.492 o . a o  















































0 . w  0.682 






1 0 . 0 0  
50.00 
70.00 
E. 30  
INC IOCNCf 







4 .0  - 1 1 . 1  




























































































































KRID PUI 55 
VEL R MbCW NO 
0.928 1.210 








LOSS P A M  
TOT PROF 
0.056 0.056 






‘10 .00  5.4 -12.7 12.4 0.397 0.928 0.051 0.031 0 . 0 1 i  0.017 
9 H.30 4.7 -12.6 10.7 0.475 0,704 0.1% 0 .1% 0.071 0.071 
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EDGES FOR ROTOR 51A. 100 PERCENT DESIGN SPEED 























ABS W H  NO 
IN OUT 
0.44e 0 . 6  
0.459 0.476 





































































R a  BETAH 





















K R l D  MACH NO 







































































































































EDGES FOR ROTOR 51A. 100 PERCENT DESIGN SPEED 
( e )  READING 1405 
RADII 
IN OUT 






































































































l A t . 9  140.8 




















288.5 1 . 0 5 5  


















































m1L, su: ss 










PERCENT INCIDENCE DEV D-FACT fW LOSS C O W  LOSS PARAU 
SPAN n m  ss TOT PROF TOT PROF 
5.00 9.0 4.3 10.9 0 . 7 2  0.482 0.318 0.318 C.188 0.188 
10.00  8.7 3.7 9.4 0.581 0.570 0.240 0.240 0.149 0.149 
15.00 8.8 3.3 8.0 0.481 0.697 0.163 0.163 0.105 0.105 
30 .00  8.5 0.8 8.4 0.454 0.839 0.085 0.085 3.055 0.055 
50.00 8.7 -3.2 11.4 0.450 0.905 0.048 0.048 0.030 0.030 
70.00 9.0 -6.9 t4.0 3.453 0.910 0.047 0.047 0.028 0.028 
85.00 9.3 -8.4 13.5 0.459 0.948 0.028 0.028 0.016 0.016 
90.00 9.4 -8.7 12.0 0.461 0.951 0.027 0.027 0.015 0.015 









































TABLE VIII. - BLADE-ELEMENT DATA AT BLADP ED'JES "OR 
ROTOR 51A. 90 PERCEhiT PESICN SPE6D 































































































































































































MER10 K A K  SS 






























































TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE 








1 4 . 9 4  14.732 
12.299 12.446 
11.570 I I .684 
10.846 10.922 
ms VEL 


































































R a  





















K R I D  VEL 





















TOTAL TfHP TOTAL PRE 
I N  RATIO IN RAT 
289.0 1.030 0.08 1.0 
288.8 1.028 0.13 1.0 
287.8 1 .025  0.14 1.0 
287.8 1.022 0.14 1.0 
287.9 1.018 10.14 1.0 
287.9 1.016 10.14 1.0 
287.8 1.017 10.14 1.0 
288.1 1.017 10.07 1.0 
288.7 1.028 0.14 1 . 1  
TANG va 









































WID PEAK SS 
Va R RACH No 













3 0 . 0 0  
50.00 
70.00 
INCIDENCE DEV 0-FACT EFF 
1.0 -3.7 5.6 0.270 0.874 
0.6 -4.3 5.3 0.260 0.950 
0.8 -4.6 5.8 0.252 0.994 
0.7 -7.1 6.5 0.294 0.989 
1.2 -10.7 9.5 0.315 0.952 
1.6 -14.2 12.9 0.312 0.93 
M A N  SS 
85.00 2.2 -15.5 13.8 0.327 0.895 
90.00 2.4 -15.7 12.7 0.328 0.901 0.029 0.029 0.016 0.016 
9 95.00 3.1 -15.2 10.8 0.339 0.958 0.014 0.014 0.007 0.007 
LOSS P u u n  
TOT PROF 
0.021 0.024 















































TABLE VIn. - Continued. BLADE-ELEMENT DATA AT BLADE 
E X E S  FOR ROTOR 51A. 90 PERCENT DESIGN SPEED 
(c) Reading 1412 
RAD1 I 




























































































































148.5 1 38.5 
145.7 134.0 
i4e.o 138.6 




















TOT& T M P  
Ih RATIO 
288.9 I .os 
2ee.e I .on 
287.9 1 .oz4 



























TOTM R E S S  





















rfft lb E M  SS 




























































TABLE Vm. - Continued. BLADE -ELEMENT UATA AT BLADE 
EDGES FOR ROTOR 5lA. 90 PERCENT DES, 3i SPEED 




















1 5 .  A 139.8 
132.5 158.3 
(39.8 149.6 











































I 98. e 
REL HACM NO 













10 .00  
15.00 
so. 0 0  
50.00 























































o . 4 1 ~  0.410 
0.396 0 . ~ 5 e  
DEV 0-FACT EFT 
0.4 0.448 0.6% 
7.1 0.376 0.811 
7.5 0.371 0.888 
8 . 1  0.402 0.928 
11.2 0.419 0.928 
12.8 0.129 0.968 
14.9 0.415 0.953 




288.3 1 . 0 3 8  
287.9 1.034 
288.0 1 . 0 2  
288.0 1.020 
288.0 1.021 
288.9 I .or3 
288.0 1.028 
















0 .048  0.018 






































mlD Pur SS 




















0 m o o  7 , ?  -10.6 10.9  0.458 o.gte 0.039 0.039 0.021 0.021 
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EDGES FOR ROTOR 51A. 90 PERCENT DESIGN SPEED 













































































































121.4 115 7 
119.3 110.0 
















30 .00  
50.00 
70.00 
INCIDENCE DEV 0-FACT Eff 
9.9 5.2 11.3 0.724 0.502 
9.4 4.5 10.3 0.579 0.555 
9.3 1.6 8.3 0.453 0.873 
9.5 -2.4 11.2 0.471 0.927 
9.8 -6.1 15.0 0.465 0.934 
UEAN SS 
9.5 4.1 e.7 0.471 0.6% 
TOTAl  T W  











I N  OUT 





























































*RID Pur 55 


















85.00 10.0 -7.e i3.e 0.172 0.957 0.023 0.9~3 0.013 0.013 
00.00 10.0 -8.1 12.2 0.469 0.985 0.008 O.tO8 0.004 0.004 - -  - - _  
9 95.00 10.6 -7.7 5.3 0.509 G.S.50 0.040 0.040 5.021 0.02' 









































T A ~ L E  M. - BLADE-ELEMENT DATA AT BLADE EDGES FOR 





23.094 2% 114 
20.744 20.828 















ZO? 2 215.9 











(a) Reading 1533 
ABS BETAM 
IN OUT 
-0.0 1 0 . 1  
- 0 . 0  10.0 
0 .0  9.9 
-0 .0  10.3 
-0 .0  11.4 
-0.0 13.5 
-0 .0  14.5 

















































- 1 . 0  -5.9 








































DEV D-TACT fFT 
5.6 0.206 0.648 
5.6 0.207 0.690 
6.4 0.207 0.70: 
7.9 0.218 0.731 
10.8 0.236 0.704 
12.6 0.249 0.743 
15.0 0.262 0.571 
13.8 0.251 0.671 
11.8 0.249 0.801 














- 0 . 1  36.4 
0 . 0  35.9 
- 0 . 0  37.6 
-0 .1  41.2 
- 0 . 0  19.1 
- 0 . 0  51.3 
-0 .1  56.0 






0 . 0 6 4  0.064 
0.061 0.061 





































S R l D  PWC SS 































































TABLE M. - Continued. BLADE-ELEMENT DATA AT SLADE 
EDGES FOR ROTOR 51A. 110 PERCENT DESIGN SPEED 
RAD1 I 
I N  OUT 
24.648 24.638 
23.871 23.876 
23.094 23. ! 14 
20.74 Lu.828 
17.623 17.780 
i *.%A 11.732 
i2.299 12.446 
1 I .570 11.684 
10.846 10.922 
ABS VEL 
I N  OUT 































- 0 . 0  ie.2 
m 





















REL MACH NO 











































MERID MACh YO 























- 0 . 0  57.5 
- 0 . 0  LJ.2 




































I .  08E 
1.090 
1.079 












nERID Pur: ss 

























1.9 -13.9 1 
DEV 0-FACT EFF 
7.: 0.352 6.660 
6.3 0.312 0.789 
6.7 0.316 0.819 
7.4 0.333 0.867 
9.8 0.348 0.869 
3.2 0.353 0.871 
















.347 0.047 0.026 0 .026  85.00 2.4 -15.3 13.5 0.358 0.b60 
90.00 2.8 -15.3 12.7 0.350 0.898 0.035 0.035 9.019 0.019 









































TABLE W - Continuec?. BLADE-ELEMENT DATA AT BLADE 
EDGES FOR ROTOR 51A. 110 PERCENT DESIGN SPEED 
( c )  Reading 1.1 -8 
RAD1 I 
IN OUT 
2 4 . ~ 1  20.638 




















































































I NC I DDvCE 









R B  BETAH 


















































TOTAL T r n  
IN  RAT10 







m . 7  i.m 
287.7 1.030 

































I N  OUT 
260.4 261.3 
253.3 253.4 







WID pclsc ss 








0 . m  1.319 
0 . e ~  1.157 
LOSS P u w l  
TOT PROF 
0.092 0.088 

















































TA3LE M. - Continued. BLADE-ELEMENT DATA AT BLADE 
EDGES FOR ROTOR 51A. 110 PERCENT DESIGN SPEED 
(d) Reading 1420 
RAD1 I 
;hi OUT 
2 4 . ~ 8  24.6% 
23.871 23.876 
2 0 . 7 ~  20.828 
23.094 23.114 
17.623 17.780 




m s v a  










ABS MACH NO 










ABS Bnnn Ra. 
I N  OUT I N  
-0.0 32.7 57.4 
-0.0 23.7 56.0 
-0.0 23.3 55.0 
-0.C 24.3 51.7 
-0.0 25.1 47.5 
-0.0 25.6 42.6 
-0.0 27.0 38.2 
-0.0 27.7 36.5 
-0.0 31.5 35.4 
Ra 





















REL UACH NO 




























































MERID MACH NO 



















TOTAL K W  
I N  RATIO 
289.0 1.077 
288.9 1.068 
288.5 1 .062  















































































vR R MACH No 
0.902 1 . 0 ~  
0.864 1.06s 










9 95.00 7.7 -10.5 9.9 0.511 0.873 0.066 0.066 0.034 0.034 










































TABLE M. - Concluded. BLADE-ELEMENT DATA AT BLADE 
110 PERCENT DESIGN SPEED EDGES FOR ROTOR 51A. 






















0 .47~  ~ . 4 a i  
ABS BETur 
IN OUT 
-0 .0  37.0 
-0.0 26.7 
-0.0 24.2 



































0 . ~ 3 2  0.642 
0.618 0.152 
0.603 a .ue  
0.580 0.408 
PERCENT IYCIDENCE 
SPAN NAN SS 
5.00 7.4 2.7 
10.00 7.0 2.1 
15.00 6.9 1.4 
30.00 6.8 -0.9 
50.00 7.2 -4.7 
70.00 7.7 -8.1 
a5.00 8 . 1  -9.6 
90.00 8.4 -9.7 
95.00 9.1 -9.2 
































0 .465  0.399 
DE: 0-FACT Eff 
9.4 0.634 0.569 
7.9 0.473 0.725 
7.2 0.431 0.833 
8.2 J . W  0.889 
11.7 0.47s 0.910 
14.5 0.482 0.920 
13.7 0.482 0.935 
12.0 0.475 0.961 
9.3 0.553 0.905 








- 0 . 0  78.3 
0 . 0  80.9 

























































utl R MCW ry) 
0.956 1.357 
1.003 1 . 3 2  
0.978 1 . a  
0.922 1.217 
0.816 1.m 

























































TABLE X. - BLADE-ELEMENT DATA AT BLADE EDGES FOR 


































fa) Readiw 1538 
ABS BETAn REL BETM 
IN OUT IN OUT 
-0.0 13.6 52.2 47.9 
0.0 13.1 50.9 46.7 
-0.0 12.8 49.8 45.8 
-0.0 12.7 46.4 4i.2 
-0.0 13.1 42.1 37.1 
-0.0 14.6 37.4 29.9 
-0.0 16.2 33.0 22.5 
-0.0 17.2 31.7 18.4 
0.0 20.1 30.8 13.0 
















































K R l O  vn 
IN OUT 







































- TEPP TOTAL PRESS 
RATIO IN RATIO 
1.047 10.04 1.107 
1.045 10.13 1.102 
1.043 10.14 1.101 
1.037 10.14 1.090 
1.033 10.15 1.070 
i . 0 2 9  10.15 1.064 
1.027 10.15 :.062 
1.029 10.14 1.079 























HERID PEAK SS 









0 . w  1.326 
LOSS COEff LOSS PARAN 
TOT PROF TOT PROF 
0 .111  0.095 0.073 0.063 
0.105 0.091 0.069 0.060 
0.097 C.084 0.063 0.055 
0.088 0.079 0.057 0.051 
0.105 0.101 0.065 0.063 
0.098 0.097 0.058 0.057 
0.099 0.099 0.054 0.054 
90.00 2.3 -15 8 13.8 0.275 0.757 0.072 0.072 0.039 0.039 









































TABLE X. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES 
FOR ROTOR 51A. 120 PERCENT DESIGN SPEED 







































































































































































































































K R l D  Owc SS 



















90.00 4.1 -14.0 12.0 6.372 0.877 0.051 0.051 0.028 0.028 
9 95.00 4.9 -13.4 10.5 0.443 0:703 0.129 0.12: 0.067 0.067 
44 









































FOR ROTOR 51A. 120 PERCENT DESIGN SPEED 




































































































HERID FIACH NO 






















































K R l O  PWC SS 
K L  R HAW NO 
0.748 1.461 








PERCENT INCIOOJCE DEV D-FACT f f F  LOSS COm LOSS PARAN 







I 6.1 1.4 10.0 0.661 0.411 0.340 0.316 0.206 0.191 
1 5.5 0.5 8.4 0.478 0.586 0.212 0.191 0.135 0.121 
I 5.1 -0.3 8.1 0.424 0.711 0.140 0.121 0.090 0.078 
4.9 -2.9 7.8 0.433 0.825 0.087 0.078 0.057 0.051 
I 5.2 -6.7 9.1 0.452 0.873 0.064 0.062 0.041 0.040 
1 5.6 -10.3 13.4 0.149 0.876 0.057 0.057 0.034 0.034 
85.00 5.8 -11.9 12.6 0.443 0.904 0.046 0.046 0.025 0.025 
90.00 6.2 -11.9 11.4 0.439 0.903 0.018 0.048 0 .026  0.026 
9 95.00 6.8 -11.5 10.1 0.526 0.697 0.154 0.154 0.081 0.081 
45  











































FOR ROTOR 51A. 120 PERCENT DESIGN SPEED 




































-0 .0  48.0 










































SPAN HEAN SS 
5.00 8.7 4.0 
1 0 . 0 0  7.7 2.8 
15.00 7.3 1.9 
30.00 6.9 -0.8 
5 0 . 0 0  7.3 -4.6 
70.00 7.8 -8.1 


































DEV 0-FACT EFF 
11.8 0.790 0.448 
9.6 0.613 0.526 
8.2 0.495 0.665 
6.4 0.494 0.840 
13.6 0.491 0.897 
12.3 0.484 3.934 
10.4 0.494 0.866 
TOTAL Tfl" 
IN RATIO 







































































. 90.00 8.3 -9.8 10.8 0.488 0.921 0.045 0.045 0.024 0.024 
9 95.00 9.0 -9.3 9.0 0.569 0.752 0.150 0.150 0.079 0.079 
I 










































STATOR 51. 100 PERCENT DESIGN SPEED 













































































I NC I DENCE 
MEAN SS 





-7.9 -17. 1 
-7.8 -16.9 
-7.4 -1 6.5 

































DEV D-FACT Em 
2.7 0.128 0. 
2.1 0.101 0. 
1 .4  0.094 0. 
1 . 1  0.088 0. 
1.9 0.067 0.  
2.1 0.024 0. 
2.8 -0.022 0. 
4.0 -0.032 0. 
TOTAL T W  TOTAL PRESS 
IN RATIO tN RAT10 
295.4 1.000 10.66 0.968 
295.3 0.999 18.75 0.985 
295.0 0.999 10.75 0.989 
294.3 1.000 10.15 0,989 
294.4 0.999 10.77 0.986 
294.0 1.000 10.73 0.987 
293.0 1.002 10.57 0.983 
292.9 1.001 10.55 0.9n 
293.4 1.000 1 0 . ~ ~  0.945 
TANG VEL 
IN auT IN OUT 
0. 0. 28.2 -4.7 
27.8 -5.1 0. 0. 
26.0 -9.4 0. 0. 
29.4 -10.7 0. 0. 
36.8 -8.2 0. 0. 
42.2 -8.1 0. 0. 
46.2 -5.0 0. 0. 
J8. l  -0.6 0. 0. 
54.1 16.2 0. 0. 










HERID PEU SS 




















9 95.00 -5.8 -14.9 8.7 0.014 0. 0.274 0.274 0.060 0.060 
47 















































23.129 23. I67 
20.925 21 .Ob1 
17.965 18.090 
14.953 15.1 I8 
12.652 12.791 






































































































































0 . W  0.458 
DEV 0-FACT 
5.1 0.204 0 .  
4 . 7  0.185 0 .  
4.5 0.175 0 .  
5.9 0.158 0 .  
5.5 0 . 1 5 6  0 .  
2.9 0.114 0 .  
5.9 0.102 0 .  
5.3 0.112 0. 
























IN OUT IN OUT 
51.9 3.0 0. 0. 
49.2 2.0 0. 0. 
50.1 0.8 0. 0. 
50.9 -0.3 0. 0. 
50.1) -1.9 0. 0. 
50.9 -3.9 0. 0. 
56.6 -0.9 0. 0. 
60.4 S.4 0. 0. 











0.195 0 .195  
-10 PfAU SO 































































FOR STATOR 51. 100 PERCENT DESIGN SPEED 

















































































































































































KRID PCIlt SS 










PERCENT INClDfNCE DfV D-FACT m LOSS C O m  LOSS PARA?l 
SPAN MEAN SS TOT PROF TOT PROF 
5.00 6.9 -2.3 5.7 0.249 0. 0.105 0.105 0.051 O.05f 
10.00 4.3 -4.9 5.4 0.229 0. 0.093 0.093 0.044 0.044 
15.00 4.2 -5.0 4.9 0.207 0. 0.040 0.040 0.018 0.018 
30.00 3.8 -5.4 4.1 0.194 0. 0.003 0.003 0.001 0.001 
50.00 2.6 -6.6 4.1 6.180 0. -0.003 -0.003 -0.001 -0.001 
70.00 1.8 -7.3 3.8 0.185 0. 0.042 0.042 0.013 0.013 
85.00 2.3 -6.8 4.8 0.115 0. 0.092 0.092 0.023 0.023 
9 95.00 7.2 -1.9 10.1 0.217 0. 0.145 0.145 0.032 0.032 
90.00 2.9 -6.2 6.4 0.185 0. 0.128 0.128 0.050 o.030 
49 











































































































































































INCIDENCE DEV D-FACT E n  
HEAN SS 
13.3 4.1 7.4 0.286 0. 
8.4 -0.8 6.5 0.277 0. 
7.1 -2.1 4.2 0.233 0. 
6.0 -3.1 4.5 0.229 0. 
5.0 -4.1 4.5 0.236 0. 
7.6 -1.6 5.5 0.25e o. 
85.00 5.4 -3.7 5.5 0.235 0. 


































T A N G v n  UHERsPao 
IN OUT IN OUT 
73.6 8.4 0. 0. 
65.7 6.5 0. 0. 
64.7 4.0 0. 0. 
64.2 0.6 0. 0. 
63.4 0.9 0. 0. 
63.4 0.5 0. 0. 
67.0 2.9 0. 0. 
69.3 7.0 0. 0. 









MERID PEU SS 


















0.106 0.106 0.027 0.027 
0.128 0.128 0.030 0.030 
9 95.00 10.7 1.5 10.7 0.279 0. 0.129 0.129 0.028 0.028 
50 
I 











































FC)R STATOR 51, 100 PERCENT DESIGN SPEED 


































A95 BETAM RT.L BETAM 
IN OUT IN OUT 
42.3 5.5 42.3 5.5 
52.6 4.1 32.6 4.1 
26.5 2.6 26.5 2.6 
24.8 0.9 24.8 0.9 
26.5 0.5 26.5 0.5 
28.8 1.7 28.8 1.7 
29.9 3.7 29.9 5.7 
34.t 7.1 34.6 7.1 












































































DEV D-fACT Eff 
9.5 0.403 0. 
8.1 0.363 0. 
6.6 0.348 0. 
4.9 0.274 0. 
4.5 0.269 0. 
4.8 0.275 0. 
5.9 0.269 0. 
7 . e  0.285 0. 















11 .56  11.e 

















IN OUT IN OUT 
82.9 9.5 0. 0. 
69.7 2.4 0. 0. 
66.9 1.0 0. 0. 
69.3 3.6 0. 0. 
72.0 7.6 0. 0. 
77.6 13.1 0. 0. 
99.1 12.4 0. 0. 
72.9 6.2 3 .  0. 










nERI0 PfU SS 
VfL R RACH NO 
1.100 1.029 
1.022 0.QtZ 















0.155 0.135 0.032 0.032 
9 95.00 12.4 3.5 11.1 0.326 0. O.lf4 0.134 0.029 0.029 
5 1  









































STATOR 51. 90 PERCENT DESIGN SPEED 
RAD1 I 
I N  OUT 
24.595 24.608 
23.861 23.886 
23. I29 23. I67 
20.925 21.001 
17.963 18.090 














i 8 i . i  185.3 
ABS MACH NO 










(a) Reading 1540 
A8S BETAM 





















REL MACH NO 










































l l 3 . 0  182.d 
HERID MACH NG 





















TANG V U  






















































WID PEAK SS 










PfRCENT INCIDENCE DEV 0-FACT EfF LOSS COEFF LOSS PARAM 
SPAN MEAN SS TOT PROF TOT PROF 
5.00 -7.6 -1t.8 2.0 0 133 0. 0.118 0.118 0.058 0.058 
10.00 -7.4 -16.6 2.1 0.107 0 .  0 .056  0.056 0.026 0.026 
15.00 -7.7 -16.9 1.5 0.096 0.  0 . 0 3 5  0 . 0 3 5  0.016 0.016 
3 0 . 0 0  -7.4 -16.6 0.8 0.102 0.  0.033 0.033 0.014 0.014 
50.00 -7.1 -16.2 1.5 0.086 0. 0.053 0.053 0.019 0.019 
70.00 -7.1 -16.2 't.7 0.056 0. D.062 0 . 0 6 2  0.018 0.018 
85.00 -7.9 -17.0 2.5 0.01J 0. 0.076 0.076 0.019 O.Of9 
- 90.00 -8.0 -17.1 5.6 -0.002 0. 0.090 0.090 0.021 0.021 
9 95.00 -7.4 -16.5 8.0 0.028 0 .  0.223 0.223 0.049 0.049 
52 





























FOR STATOR 51.  90 PERCENT DESIGN SPEED 



























0.521 0 .496  
0.497 0.484 
9.470 0.468 
(b) Heading 1411 
ABS BETAM R C L  BETAM 
IN OUT IN OUT 
13.2 0.3 13.2 0.3 
12.7 0.3 12.7 0.3 
12.4 -0 2 12.4 -0.2 
14.4 -0 .7 14.4 -0.7 
15.9 -1.1 15.9 -1.1 
16.9 -1.6 16.9 -1.6 
19.2 -0.9 ::e2 -0.9 
20.3 0.5 20.3 0.5 























M C R l D  VEL 










REL MACH NO RR13 MACH NO 
IN OUT IN OUT 
0.509 0.470 0.406 0.470 
0.524 0.491 0.511 0.4Sl 
0.525 0.496 0.5l2 C.496 
0.521 0.496 0.50: 0.496 
0.497 8.484 O.4:.’ 0 .484 
0.470 0.468 0.450 G.468 
0.452 0.454 C.452 0.454 0.426 0.454 
8 o. rm 4 s .  r p  4510.494 455. rp 4510.4 DL 4 a .  rao 451 
PERCENT INC IDCNCE 
QP SPAN H U N  SS 
1 5.00 - 1 . 1  -10 .3  
2 10.00 - ! .E  -11.0 
3 15.00 -2.3 -11.5 
4 30.00 -1.1 -10.3 
5 50.00 -1.5 -10.7 
6 70.00 -3.1 -12.2 
7 85.00 -2.5 -11.6 
DEV 0-FACT EFF 
4 . 4  0.183 0. 
4 . 3  0.161 0. 
3.8  0.151 0. 
3.3 0.152 G. 
3.0 0.129 0. 
2.7 0.097 0. 
3.3 0.080 0. 
TOTAL TEW 





294.0 i .000  
293.0 1.002 














TANG VEL spm) 
IN OUT IN OUT 
39.2 0.9 0. 0. 
38.7 0.7 0. 0. 
37.7 -0.5 C .  0. 
43.5 -2.0 0. 0. 
45.6 -3.2 0. 0. 
0. 0. 45.8 -4.4 
49.9 -2.4 0. 0. 
53.0 1.2 0. 0. 
58.7 12.2 0 .  0. 
K R I D  PEN SS 







‘ . 0 6 6  0.655 
1.3650!!4.76674 
LOSS COEFF 







0 . 0 %  0.0% 






0.004 0.- 8 
0.001 3. 4 1  
0.009 0.009 
8 90.00 -1.7 -10.8 4.6 0.087 0. 0.072 0.072 0.017 0.017 
0 Q5.00 0.4 -8.8 0 9 0.1% 0. 0.194 0.194 0.043 0.043 
53 
TABLE XII. - Continued. BLADE-ELEXIENT DATA AT B W P E  EDGES 
FOR STATOR 51. 90 PERCENT DESIGN SPEED 


















































































































































































3EV 0-FACT Ef f  
5.2 0.206 0. 
4.9 0.197 0. 
4.5 0.179 . 
3.8 0.185 0. 
3.8 0.158 0. 
3.2 0 . : 3 7  0. 

































T O T U  
IN 
11.14 






























K R I D  Ptur 55 



















0.018 0.018 90.00 1.7 -7.4 5.6 0.147 0. 
8 95.00 4 . 0  -5.1 9.7 0.200 0. 0.187 0.187 0.041 0 .011 
54 










































FOR STATOR 51.  90 PERCENT DESIGN SPEED 




















134.2 l l5 .9  
132.5 108.1 
146.3 i35.e 
ABS UACH NO 








































121 . e  
119.9 
108.1 






















I NC I DENCE 
MEAN SS 






























































T O T 4  






























r 1 . w  0.999 
1a.78 0.980 
TANG VEL 
IN OUT IN OUT 
60.0 6.2 0. 0. 
53.5 4.3 0. 0. 
53.3 2.2 0. 0. 
56.3 0.9 0. a. 
56.0 -C.l 0. 0. 
53.9 -0.4 0. 0. 
58.5 1.8 0. 0. 
66.1 11.8 0. 0. 
60.9 5.7 0. a. 











m10 PEAK ss 





























































FO!? STATOR 51. 90 PERCENT DESIGK SPEED 
( e )  Redding 1315 
RAD1 I 








1 1  .E74 I I .971 
11.090 11.128 
us yu 




















































































































TXBLE XII. - Concluded. BLADE-ELEVEKT DATA AT BLADE EDGES 






11.37  0.993 
11.19 0.995 
10.98  0.996 
10.93 0.993 
10.92 0.m 























TANG VEL WEEL SPaD 
IN OUT IN OUT 
89.1 11.3 0. 0. 
73.8 8.8 0. 0. 
64.2 5.8 0. 0. 
63.3 2.9 0. 0. 
62.7 0.8 0. 0. 
59.4 1.0 0. 0. 
62.8 3.3 0. 0. 
64.8 6.9 0. 0. 
69.8 11.8 0. 0. 
K R l O  ptur SS 















































































TABLE XIII. - BLADE -ELEMENT DATA AT BLADE EDGES FOR 
STATOR 51. 120 PERC :NT DESIGN SPEED 













































































I NC I DENCE 










































DEV D-FACT Eff 
3.6 0.148 0. 
3.1 0.126 0. 
2.5 0.114 0. 
1.7 0.107 0. 
2.1 0.064 0. 
2.6 0.031 0. 
3.3 -0.026 0. 


































T A N C K L  IlMmsPEEo 
I N  OUT IN OUT 
36.1 -1.9 0. 0. 
36.4 -3.5 0. 0. 
35.9 -5.8 0. 0. 
37.4 -8.7 0. 0. 
40.8 -7.7 0. 0. 
48.4 -6.2 0. 0. 
50.5 -3.2 0. 0. 
55.1 1.8 0. 0. 
63.7 18.6 0. 0. 










rER!D KM SS 



















0.033 0 . 0 3 3  
9 95.00 -3.7 -12.8 9.3 0.050 0. 0.337 0.337 0.074 0.074 
57 









































FOR STATOR 51. 110 PERCENT DESIGN SPEED 
(b) Reading 1534 
RAD1 I 
IN  OUT 
24.595 24.608 
23.861 23.886 


















ABS MACn NO 
































































3.0 -6.2 4.8 
0.6 -8.6 4.2 
0.5 -8.7 3.6 
0.4 -8.7 3 . 1  
-0.1 -9.3 3.7 
-1.3 -10.4 2.8 









































































I 1  -03 














IN OUT IN OUT 
57.6 2.2 0. 0. 
53.2 0.6 0. 9. 
53.3 -1.5 0. 0 .  
56.5 -1.c 0. 0. 
58.9 -1.5 0. 0. 
59.3 -4.9 0. 0. 
63.8 -1.4 0. 0. 
66.6 2.6 0. P. 
74.5 15.2 0. 0. 









=ID PEAK SS 



















90.00 -0.5 -9.6 5.0 0.124 0. 0.088 0.088 0.021 0.021 
9 95.00 2.8 -6.3 9.5 0.166 0. 0.171 0.171 0.037 0.037 
58 









































FOR STATOR 51. 110 PERCENT DESIGN SPEED 
(c) Reading 1418 
RAD1 I 
IN  OUT 
24.595 24.608 
23.861 23.886 



















































































































n E R l D  VEL 





















DEV 0-FACT E f f  
5.8 0.254 0. 
5.1 0.259 i .  
4.5 0.226 0. 
4.6 0.203 0. 
4.1 0.189 0. 
3.9 0.167 0. 
5.0 0.167 0. 
6.7 0.175 0. 

































TANG v a  WEL SPEED 
IN OUT IN OUT 
67.8 5.0 0. 0. 
59.0 3.3 0. 0. 
60.0 1.4 0. 0. 
65.0 2.0 0. 0, 
66.5 0.1 0. 0. 
63.8 -0.9 0. 0. 
69.7 2.1 0. 0. 
72.8 6.9 0. 0. 
79.2 16.2 9 .  0. 
L6 . COEFf 
TO1 PROF 








H E I D  PEAK SS 




















9 95.00 5.8 -3.3 10.5 0.239 0. 0.227 0.227 0.050 0.050 
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(13 Reading 1420 
4BS BETAM RU BETAM 
IN OUT IN OUT 
31.5 3.3 31.5 3.3 
22.3 2.1 22.3 2.1 
23.4 0.8 23.4 0.8 
24.5 0.3 24.5 0.3 
22.7 2.8 22.7 2.8 
25.6 0.6 25.6 0.6 
27.1 1.7 27.7 1.7 
28.5 3.7 28.5 3.7 






















o . 4135 



































17.2 7.9 7.4 
8.2 -1.0 6.8 
7.7 -1.6 6.1 
7.9 -1.3 4.8 
7.1 -2.1 4.4 
5.6 -3.5 4.9 
6.0 -3.1 5.9 
6.5 -2.7 7.8 


































































TANG vu uml spm, 
IN OUT IN OUT 
89.9 9.2 0. 0. 
72.8 7.9 0. 0. 
73.1 6.1 0. 0. 
75.5 2.4 0. 0. 
72.5 0.7 0. 0. 
70.9 1.5 0. 0. 
74.5 4.1 0. 0. 
76.8 8.6 0. 0. 
84.2 14.9 0. 0. 











r c R f D  Xu( SS 


































































































( e )  Reading 1421 



































































































DEV 0-TACT Eff 
8.2 0.333 0. 
7.3 0.316 0. 
6.2 0.306 0. 
4.9 0.273 0. 
4.5 0.273 0. 
5.0 0.266 0. 
6.1 0.265 0. 
8.2 0.288 0. 
11.1 0.S54 0. 























































































TABLE XIV. - BLADE-ELEMENT DATA AT BLADE EDGES FOR 




















































209.7 1 97.7 






















(a) Reading 1538 
ABS BETAH REL BETAM 
IN OUT IN OUT 
12.7 0.6 12.7 0.6 
12.3 -0.0 12.3 -0.0 
12.0 -0.5 12.0 -0.5 
12.0 -1.3 12.0 -1.3 
12.7 -2.3 12.7 -2.3 
14.7 -1.9 14.7 -1.9 
16.8 -0.6 16.8 -0.6 
18.1 0.9 18.1 0.9 
21.2 5.5 21.2 5.5 























































DEV D-FACT E f f  
4.7 0.217 0. 
4.0 0.184 0. 
3.5 0.164 0. 
2.7 1.145 0. 
1.9 0.109 0. 
2.3 0.056 0. 
3.6 0.020 0. 
5.0 0.039 0. 
9.5 0.117 0. 


































































S R I D  PEu( SS 































































FOR STATOR 51. 120 PERCENT DESIGN SPEED 
(b) Reading 1537 
RAD1 I 





















E L  
IN 






















































































ABS MACH NO 
































TABLE XIV. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES 
9 95.00 5.7 -3.5 9.5 0.198 0. 0.155 0.155 0.0% 0.0% 
PERCENT INCIDENCE DEV D-FACT Kf LOSS C O W  LOSS PARAM 

























0. 0.118 0,118 
0. 0.164 0.164 
0. 0.071 0.071 
0. 0.007 0.007 
0. 0.011 0.611 
0. 0.026 0.026 
0. 0.073 0.073 







I I .58 


























K R I D  Pur SS 




























TABLE XIV. - Continued. BLADE -ELEMENT DATA AT BLADE EDGES 
FOR STAlOR 51. 120 PERCENT DESIGN SPEED 
























































































































































































0.259 0 .  
0.238 0. 
























































MER10 PEIK SS 




















9 95.00 10.4 1.2 9 e 0.282 o. 0 . 1 1 0  0 .110  0.024 0.024 
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0 . w  0.462 





























































































X R l D  HACH NO 
IN OUT 
0.342 0.432 









0.455 0. ' 
0.337 0. 
0.374 0. 





I N  RATIO 
319.2 0.982 
314.9 0.992 







































I N  
0 .  
0 .  


















KRIO PEAK SS 















0.036 0 . 0 3 6  
0 . 0 2  0.022 
0.019 0.019 
0.027 0.027 
90.00 9.0 -0.1 7.6 0.312 0.' 0.139 0.139 0.033 0.033 
9 95.00 13.7 4.6 10.3 0.360 0. 0.137 0.137 0.030 0.050 
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Instrumentation survey planes: 
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Figure 1. - Flow path for stage SIA. showing axial location 01 inrt iumentat ion.  
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